A simple method was developed for analysing the regulation effects in multiple fisheries exploiting one stock competitively, with special reference to the red sea bream stock in the Chikuzenkai. This method is applicable when fisheries are stable from year to year in spite of recruitment fluctuation and when natural mortality rates, individual growth and prices of catches are yearly unchanged.
A simple method was developed for analysing the regulation effects in multiple fisheries exploiting one stock competitively, with special reference to the red sea bream stock in the Chikuzenkai. This method is applicable when fisheries are stable from year to year in spite of recruitment fluctuation and when natural mortality rates, individual growth and prices of catches are yearly unchanged.
Two types of fishery production (yield per recruit and fishing revenue per recruit by fishery) were evaluated from an arbitrary cohort, whose values are the same among different cohorts. The sensitivities of such relative production against a reduction in the fishing intensity of a specific fishery were calculated.
Regulation of a particular fishery for the young red sea bream of 0 and 1 year old will benefit other fisheries. Such regulation at specific ages in months will even increase production of the regulated fishery itself.
Often multiple fisheries exploit a single stock,1-3) resulting in competition.
One typical example is the stock of red sea bream Pagrus major in the Chikuzenkai, northern Kyushu, Japan. Several fisheries exploit the different age groups of the stock.
Catch compositions were skewed to the younger and smaller fish and recent development of a fishery to exploit the 0 year old fish as the seeds for aqua culture has accelerated this trend, which is clearly a wrong direction from the viewpoint of stock utilization.
This has raised considerable concerns over how the fisheries should be regu lated or how this stock should be allocated to each fishery. This paper intends to propose one simple method for analysing the effects of fishery regulation in the one stock-multiple fish eries problem, using information on natural and fishing mortalities, individual weight and price by age or by age and fishery.
This also has the purpose of giving suggestions to the red sea bream stock management.
Analysis of Yield Per Recruit and
Fishing Revenue Per Recruit
Model and Method If a given fishery is regulated with the aim of conserving the young fish, fishery production (yield in weight or fishing revenue) will be affected in not only the regulated fishery itself but also other fisheries exploiting the older fish. To examine this interrelation quantitatively, yield per recruit and fishing revenue per recruit are evaluated. Though the recruits of this stock have chang ed from year to year,4) any significant change in the exploitation pattern ( Fig. 1 ) has not been observed recently.
In this sense, these fisheries are stable and their fishing efforts show a pas sive response to stock fluctuation.5)
Thus the monthly pattern of exploitation is assumed to remain constant from year to year.
Age de pendence of biological aspects of the cohort dynamics, such as growth and natural mortali ty, is taken into account ( Fig. 2 ), but their yearly changes are neglected.
The price of * fish is also assumed to be yearly unchanged. All the assumptions made in modelling fishery production from a cohort are summarized as follows: 1) Fishing mortality coefficient is determined only by age and fishery: Fxj, x=age, j= fishery, where age is principally given as the number of months after birth. 2) Natural mortality coefficient is dependent on age: Mx 3) Body weight of fish changes with age: wx 4) Price of fish is dependent on age and fish ery: pxj 5) Values of year-independent parameters F, M, w and p are known.
The month of birth and age at recruitment are constant and known. Let us consider a cohort whose number of recruits is R, where R is unknown.
From the above assumptions, the number of the fish sur -viving at the beginning of age x, Nx, is de scribed:
Nx =SxR (1) where Sx is survival rate during the period from recruitment age x, to x. This value is determined:
where Fi=ƒ°jFij. The catch in numbers ex ploited by the fishery j during the period of age
x, Cxj, is described:
where Exj is rate of exploitation: of indices indicate that regulation of j at x will increase production of k. If these are negative, the opposite prediction is made.
Furthermore, by comparing these values among different j and x, it may be possible to select the target j and x which can increase production of k ef fectively.
Relative indices are used for this purpose.
Even if values of absolute indices are high, regulation may be worth little con sideration at ages when the fishing intensity F is low, because much increase in production can not be expected.
Relative indices are weighted with the value of F; e.g., RYxjk= EYxjk Fxj/(Yk/R),
where Yk/R is a constant among all the x and j.
Therefore, even if absolute indices have the same values at two ages, relative ones of age with the higher F have the higher values.
Actual Application
The objective of fishery regulation in this study was to conserve the young fish of 0 and 1 year old, whose catch in numbers has recently occupied more than nearly 90% of the whole.5) Such fish are mainly exploited by two types of fisheries; one-boat gochi net and two-boat gochi net (surrounding seines).
In particular, the former has recently exploited just recruited fish with catch numbers of several millions. These were taken up as the regulated fisheries.
Considering the monthly pattern of exploitation ( Fig. 1) , the unit of regulation duration was month.
A cohort born in April was assumed to be subject to exploitation from July of 0
year old (3 months old). The maximum age in the catches was set to be 6 years old because of the rarity of catches over this age. The values of the parameters are shown in Table 1 . The parameters F and M were ob tained from a study on the stock size estima tion (cohort analysis using catch statistics by age and fishery) by Hidaka et al.5) The para meter w was given from the mean weight of age-determined samples collected by the Fuku oka Prefectural Fukuoka Fisheries Experimen tal Station, and p was the mean price over 1982 and 1984. Two types of fishery production calculated from the values of the parameters are shown in Table 2 .
Results

Absolute Sensitivity Indices
The sensitivities of yield by fishery against regulation of the one-boat gochi net fishery (A) are shown in Fig. 3 . Regulation of A for the 0 and 1 year old fish increases the yield of other fisheries including the whole of fisheries (W) and therefore has a positive effect on them. But this has almost a negative effect on A itself. The sensitivities of yield against regulation of the two-boat gochi net fishery (B) are shown in Fig. 4 . Regulation of B also has a positive effect on the others. Furthermore this even has a positive effect on B itself, except for ages of 20 and 21 months old (December and January, 1 year old). Such a result is obtained because B exploits the older fish as well as the young fish of 0 and 1 year old and because conserva tion of such young fish leads to higher survival of the older fish. In both cases of regulation of A and B, absolute sensitivities in yield tends to be higher when the target fish are younger. Sensitivities of fishing revenue by fishery against regulation of A are shown in Fig. 5 . At any age, this regulation always has a posi tive effect on B. At most ages, this has an effect negative on A and positive on W. Re gulation for fish of 3 months old (July, 0 year old) decreases the revenue of A sensitively, because of the high price as the seeds for aquaculture (Table 1) . This even decreases the revenue of W. The sensitivities of fishing re venue by fishery against regulation of B are shown in Fig. 6 . Regulation of B at any age increases the revenue of any fishery. 
Relative Sensitivity Indices
Only the results on regulation of B are de scribed here, because determination of regulat ed ages will be considered only for B in the section of discussion.
Relative sensitivities in yield and revenue are shown in Figs. 7 and 8, respectively. As a rule, relative sensitivities are higher at age of 1 year old than at age 0, whereas absolute ones are rather higher at the younger age ( Figs. 4 and 6) . Such difference reflects the fact that B exploits the fish of age 1 more intensively than the younger fish (Table 1) .
Discussion
It can be seen from the analysis of yield per recruit and fishing revenue per recruit that the interrelation among multiple fisheries in the Chikuzenkai is complicated with respect to the response to regulation.
We can, however, point out that there exists regulation which will in crease production in both yield and fishing revenue for any fishery: that of the two-boat gochi net fishery at most ages in months over 0 and 1 year old. In the actual management, a request may be made to define the range of regulated ages more narrowly.
We may safely suggest that regulation of this fishery will be effective at age of 13 months old (May, 1 year old), because at this age relative sensitivities are the highest for production of each fishery ( Figs. 7 and 8) and absolute sensitivities are also comparatively high ( Figs. 4 and 6 ).
An Approach to the One Stock-Multiple Fisheries Problem
If the regulated fishery and age are specified, possible regulation measures may be taken up by combining other information. For example, from information on fishing grounds of the regulated fishery and the habitat of the fish of regulated age, an area to be closed for fishing may be selected.
Moreover, if a reduction in the fishing intensity caused by regulation can be assessed, the percentage of relatative change in production can be predicted.
For example, a 50% reduction in the fishing intensity for the one-boat gochi net fishery at age of 3 months old (July, 0 year old) will lead to only a 0.5% increase in its yield, but will lead to a 30.9% reduction in its fishing revenue and a 30.8% increase in the yield of the whole of fisheries. Such calculations are easily made, in the same way as relative sensitivities to a minute change in the fishing intensity are calculated from equations (11) and (12).
Conservation of the younger and smaller fish will be effective from a biological viewpoint of the increase in yield, but this may cause eco nomical difficulties, because this analysis sug gests that limiting exploitation of the seeds for aquaculture will decrease the income of oneboat gochi net fishermen seriously, as shown numerically in the above paragraph. How this problem should be resolved is beyond this anal ysis which disregarded the adjustment of con flicts between biological and economical as pects. To deal with this problem, we may need consider whether regulation of the fishery for the seeds is feasible or not, which will never reduce its revenue. If a large quantity of catches for the seeds reduce the price, an upper limit of catch quota may be set up. If this regulation will lead to the future increase in recruitment through the increase in surviv ing numbers of adults, regulation may not al ways have a negative effect.
An alternative approach introducing such factors will be re quired. This analysis functions as a summarization of information on the management of one stock-multiple fisheries. Though actual meth ods shown here are specific to the red sea bream fisheries in the Chikuzenkai, this simple ap proach using information on natural and fishing mortalities, growth and price may be applicable to other fisheries whose response to stock fluc tuation is passive.
